This work presents an integrated electrodisinfection/electrocoagulation (ED-EC) process 8 for urban wastewater reuse that employs iron bipolar electrodes. Boron doped diamond 9 (BDD) was used as the anode and stainless steel (SS) as the cathode. A perforated iron 10 plate was introduced between the anode and cathode to function as a bipolar electrode. 11
In the context of wastewater regeneration by electrochemical processes, our research 88 group recently demonstrated the technical viability of a combined reactor for the 89 simultaneous disinfection and removal of turbidity in actual effluents from municipal 90 wastewater treatment facilities, WWTF (Cotillas et al, 2013) . In that work, the combined 91 electrodisinfection/electrocoagulation cell proposed was equipped with aluminium 92 bipolar electrodes. This cell was able to completely remove the microbiological content 93 in urban wastewaters at low applied electric charges (0.008 Ah dm -3 ) and low current 94 densities (6.65 A m -2 ). In addition, this cell facilitated a decrease in the turbidity of 95 wastewater by the electrodissolution of the aluminium bipolar electrode and the 96 subsequent formation of coagulant species. However, the applied electric charge required 97 to reduce the turbidity was found to be higher than that necessary to disinfect the urban 98
wastewaters. 99
One of the key elements of the cell, which strongly affects the removal of turbidity, is the 100 material of the bipolar electrode. For this reason, and with the aim of optimizing the 101 efficiency of the proposed cell, it is necessary to confront a detailed study of the influence 102 of the bipolar electrode material on the process performance. Likewise, the comparison 103 particles with 0.25 µm diameter). Injection volume was set to 1 μL. Chloroform was the 150 only trihalomethane that could be generated because chloride is the only halogen that was 151 detected in the target wastewater. The electrodisinfection/electrocoagulation process was carried out in a single-162 compartment electrochemical cell. In brief, this cell was a filter-press type in which a 163 perforated iron plate (2 mm thickness) was placed between the anode and cathode. The 164 electrode gap between anode and cathode was 27 mm and between anode or cathode and 165 the perforated bipolar electrode was 12.5 mm. The internal volume of the electrolysis cell 166 was 150 mL. The Fe foil acted as a bipolar electrode; the face exposed to the anode 167 worked as a cathode, and vice versa. Thus, the side of the Fe foil that faced the cathode 168 dissolved, allowing the generation of Fe species for the electrocoagulation process. BDD 169 (Adamant Technologies, Switzerland) was used as the anode material, and stainless steel 170 (SS) (AISI 304) (Mervilab, Spain) was used for the cathode. Both electrodes (BDD and 171 SS) were circular, with a geometric area of 78.5 cm 2 . The wastewater was stored in a 172 glass tank, stirred by an overhead stainless steel perforated flat plate stirrer (squared, 49cm 2 of area). The stirrer speed was low (100 rpm) in order to prevent floc breakage. The 174 amount of water treated was 4000 ml. 175
The system worked in total recirculation mode, with a peristaltic pump (JP Selecta 176
Percom N-M328) continuously recycling the target wastewater. The volumetric 177 recirculation flow was 50 dm 3 h -1 during the experiments. All tests were carried out in 178 discontinuous mode. At this mode of operation, the production of oxidant and disinfectant 179 species is cumulative and it is related to the total Q (A h dm -3 ) applied at a given moment. 180
Agitation ensured the homogeneity of the system. The power supply was a Delta 181 Elektronika ES030-10. The temperature of the system was kept constant (25ºC) by a 182 thermostatised bath and a heat exchanger. The samples were collected in the glass tank 183 and the sample volume was 100 ml. The E. coli and chlorine compounds (free and 184 combined) were measured immediately. In this way, it is not necessary the addition of 185 reagents (e.g. Na2S2O3) to stop the reaction between microorganisms and disinfectant 186 species and therefore, the experimental error of the measure is minimized. 187 Fig. 1 As can be observed, the concentration of combined chlorine species increases with the 231 applied electric charge ( Fig. 1.b The second key parameter monitored throughout the test is turbidity. Fig. 2 shows the 267 evolution of this variable with the applied electric charge. The initial turbidity value is 14 268 NTU, and this parameter decreases with the applied electric charge, reaching a final value 269 of 1 NTU (93% turbidity removal). The observed behaviour is due to the generation of 270 The total electrodissolved iron increases during the experiment, reaching a final value of 282 76.1 mg dm In this section, the influence of current density and flow path on the performance of the 292 cell was evaluated. 293
Current density 295
One of the most studied parameters in electrochemical processes is the current density 296 because this parameter can be directly related to the efficiency of reactions that occur on 297 the anode surface (Lacasa et al, 2012 ). Fig. 3 shows the changes in the E. coli 298 concentration during the ED-EC of urban wastewaters at different current densities. 299
As can be observed, the concentration of faecal coliforms decreases with the applied 300 electric charge, following first-order kinetics independent of the current density applied. 301
However, current densities equal to or greater than 6.70 Am -2 are required to achieve the 302 complete removal of E. coli. As previously demonstrated, the main compounds 303 responsible for the disinfection process are the disinfectant species electrogenerated 304 throughout the test. To shed light on the importance of the generation of these 305 electrogenerated species and the role that current density plays in their synthesis, Fig. 4  306 presents the concentration of free (Fig. 4 .a) and combined (Fig. 4.b ) chlorine species as a 307 function of the applied electric charge. 308
As can be observed, during the experiments conducted at 1.90 and 4.13 Am -2 , the 309 maximum concentrations of free and combined chlorine species were 0.005, 0.010 mmol 310
Cl dm -3 (free) and 0.003, 0.010 mmol Cl dm -3 (combined), respectively. For a current 311 density of 6.70 Am -2 , the concentrations of both free and combined chlorine increased 312 dramatically, explaining the higher efficiency of the disinfection process at this current 313 density. In contrast, the maximum concentration of chlorine species detected at 9.38 Am -314 2 is lower than that observed at 6.70 Am -2 . This result can be explained in terms of the 315 higher initial concentration of E. coli (31,000 vs. 22,000 CFU 100 ml -1 ) in the test carried 316 out at 9.38 Am -2 , which may result in a higher consumption of disinfectant and, thus, a 317 lower detected concentration. 318 is detected when working at current densities from 6.70 Am -2 and charges higher than 320 0.020 Ah dm -3 . Perchlorate is not synthesised and the presence of trihalomethanes was 321 not detected at any of the current densities studied. 322 Fig. 5 shows the evolution of turbidity with the charge applied at increasing current 323 densities. As can be observed, the turbidity removal efficiency increases markedly with 324 current density until the applied current density reaches 6.70 Am -2 . This enhanced 325 performance is related to the higher efficiency of electrodissolution of the iron bipolar 326 electrode. Thus, the final total iron concentration that was electrodissolved increased from 327 4.96 to 76.1 mg dm -3 when the current density increased from 1.90 to 6.70 Am -2 . In 328 contrast, the trends observed during the experiments carried out at 6.70 and 9.38 Am -2 are 329 very similar, although it is possible to completely remove the turbidity of the target 330 effluent at the highest current density using an applied electric charge of 0.046 Ah dm -3 . 331
Finally, with respect to the change in pH, the behaviour observed for all current densities 332 studied is similar to that described in section 3.1; pH is naturally maintained at 333 approximately 8 due to the buffering effect of the undivided reactor. 334
In light of these results, it can be stated that the optimal current density for the proposed 335 EC-ED process with iron bipolar electrodes is 6.70 Am -2 . At this current density, it is 336 possible to conduct an efficient disinfection process together with significant removal of 337 turbidity. However, with the initial parameters of the treated effluent (E. coli0: 22000 338 CFU 100ml -1 ; turbidity0: 14 NTU), the process is limited to a maximum applied electric 339 charge of 0.020 Ah dm -3 to avoid the generation of chlorates. At this value of electric 340 charge, the maximum removal of turbidity (close to 90%) is already reached, so this 341 restriction on the maximum allowable electric charge is not a constraint on the removal 342 of initial turbidity of the target effluent. This optimal current density could undergo 343 modifications if the initial composition of the target wastewater is drastically changed. 344
Finally, it is important to note that some authors (Yan et al., 1993 further optimisation of the combined process. Fig. 7 shows the percentage removal of E. 384 coli (Fig. 7.a) and turbidity (Fig. 7.b ) using aluminium and iron bipolar electrodes at three 385 different applied electric charges and similar current densities. 386
As shown in Fig. 7 .a, the E. coli are completely removed at low applied electric charges, 387 regardless of the material used for the bipolar electrode, with the differences in 388 elimination rate between the Al and Fe electrodes being negligible (iron: k = 0.3625 min 
